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ABSTRACT 
International Journal of Exercise Science 9(3): 327-335, 2016. Muscular power is a key 
component of functional performance (FP) and fall risk reduction. The present study investigated 
the effect that power training with medicine balls had on body composition and FP in middle-age 
females. 10 women were divided into a control group (n=4, age=59.8+3.6) and an intervention 
group (n=6, age=59.5+3.6) in this 6-week study. The intervention group completed a medicine 
ball training program two times a week. Body composition and FP tests were administered pre-
post. Data was analyzed using a series of Wilcoxon Signed Ranks test and Cohen’s d test for 
effect size. The 6-week training program increased functional performance. The intervention 
group exhibited increases in the Up and Go test (p<.05) (Cohen’s d=1.76), as well as maximum 
(p<.05) (Cohen’s d=-1.52) and average (p<.05) (Cohen’s d=-1.32) distance thrown on the seated 
medicine ball throw. Middle-aged females can experience significant improvements in functional 
abilities after 6 weeks of participation in a medicine ball training program that includes both 
resistance and power training. 
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INTRODUCTION 
 
There is typically an association between 
advancing age and reduction in functional 
abilities (6). A minimum amount of 
functioning is needed to stay independent; 
therefore, improving functional abilities is 
crucial to prolonged independence and 
safety in the older population (6). In 2011, it 
was estimated that approximately 36 
million people in the United States were 
classified in the young old (65-74 years old) 
or older (75-84 years old) (6, 28). Nearly 4.5 
million people were classified in the oldest 
old category (85+ years old) (6, 28). 
Sarcopenia and osteoporosis are 
comorbidities often associated with the 
aging process possibly leading to decreased 
physical capacity and increased risk of 
falling (1, 2, 24, 25, 29). Recently, it has been 
suggested that the onset of sarcopenia starts 
much earlier than expected, possibly before 
reaching middle age (55-64 years old) in 
women (16, 28). Approximately 21% of 
middle aged individuals have experienced 
a fall, suggesting that falling is experienced 
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before reaching old age (32). The Center for 
Disease Control (CDC) estimates that one 
out of three older adults fall each year, and 
falls experienced by those 65 and older, 
ending in death, have risen 40% higher for 
men than women (3). This could possibly 
lead to inactivity, developing a fear of 
falling, leading to an increased fall risk (3, 
4). Because of this trend, the American 
College of Sports Medicine (ACSM) 
developed guidelines to aid older adults in 
engaging in exercise, recommending that 
older adults should exercise at a moderate 
intensity 2-3 times a week for a total of 150 
minutes a week (3). However, these 
guidelines may fall short of eliciting 
muscular adaptations that are specific to an 
older adult’s life. 
 
As the body ages, there is a reduction in the 
cross sectional area of muscle tissue (25). 
Type II muscle fibers are responsible for 
generating short bursts of strength 
however, the number of type II fibers 
decrease with age, which decreases muscle 
contraction velocity (25). This decrease may 
impact an individual’s ability to perform 
activities of daily living and suggests that 
training methods should be focused on the 
enhancement of type II muscle fibers and 
increasing the rate of force production (8, 
12).  
 
Power training as a training method has 
been proposed as a possible way of 
counteracting the physiological declined 
experienced by aging. Studies examining 
the effect of power training exercise 
programs on middle aged adults, have 
reported increased hypertrophy and 
functional ability (9, 10, 24). These results 
suggest that explosive movements may be 
the key to prevent falls, because older 
adults may not possess the adequate 
amount of type II muscle fibers to stop or 
recover from a fall (2). The production of 
muscle power relies on the ability to 
develop high levels of force production at a 
high rate of speed, which is a key 
contributor to power expression and is 
more specific to the lives of older adults (5, 
27, 29). Therefore, designing exercise 
programs using high velocity movements 
intended to elicit muscular power 
adaptations may be crucial to maintaining 
independence, prevent falling, or aid in 
recovering from a fall (2, 5). 
 
Although, strength training has been 
shown to be a reliable method of improving 
strength in older adults, it may not be 
specific to the older adult’s life (8, 18, 20, 22, 
30, 31). Thus, strength training alone fails to 
meet the principle of specificity (23). There 
is a need for training programs aimed at 
enhancing power within this population 
that can be performed easily, safely and 
with minimal equipment. Therefore, the 
purpose of this study is to examine the 
effectiveness of a medicine ball exercise 
program on the development of power in 
middle-aged women. Considering that 
power training programs may improve 
functional performance in older adults, it 
was hypothesized that a medicine ball 
power training program will elicit 
functional performance improvements. 
 
METHODS 
 
Participants 
Ten healthy, middle aged (55-64 years old) 
Caucasian women participated in the 
study. Four were assigned to the control 
group and six were randomly assigned to 
the intervention group. All ten participants 
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completed all training sessions for the full 
duration of the study. A convenience 
sample from individuals within the 
community, who met the proposed age 
requirements, had not participated in an 
organized resistance-training program, 
exercises classes, or received training from 
a fitness professional for the previous six 
months were recruited for participation in 
this study. Participants were included in 
the study if they were able to rise from a 
chair while holding a medicine ball across 
the chest, and perform the back scratch test 
without pain. Individuals who were unable 
to accomplish either of these tests or felt 
pain were excluded from the study. 
Additional exclusion criteria included: lack 
of functional independence, severe 
cognitive impairment, uncontrolled 
hypertension, myocardial infarction, 
cerebrovascular incident, or had heart 
surgery in the last six months. If the 
individual met the inclusion criteria a 
Physical Activity Readiness Questionnaire 
(PAR-Q), initial health assessment, the 
short form of the International Physical 
Activity Questionnaire, and informed 
consent was obtained prior to the initiation 
of the study. The Ethics Committee 
approval was granted prior to the 
beginning of the study. 
 
Protocol 
The control group was asked to continue to 
engage in their normal activity habits 
during the six week duration of the study. 
As an incentive to participate in the study, 
the participants in the control group were 
provided a free week of medicine ball 
training at the conclusion of the study. 
Participants in the intervention group 
performed the medicine ball training 
program twice a week for the six week 
duration of the study. Participants were 
provided instructions about the program 
and familiarized with the upper body 
power and functional assessment tests with 
3 practice trials prior to engaging in the 
study.  
 
Prior to beginning the study, the 
participant’s height (m), weight (kg), and 
body mass index (BMI) were assessed prior 
to the initiation of the study. A dual energy 
x-ray absorptiometry (DEXA) scan was 
used to determine body composition and 
bone mineral density (BMD) (whole body 
area BMD, lumbar spine (L1-L4), and right 
and left proximal femur).  
 
A modified seated medicine ball throw 
(SMBT) adapted from the protocol set forth 
by Harris et al (11), was used in this study. 
Participants were instructed to sit in the 
chair with upright posture, and the feet in 
full contact with the ground in front of the 
chair. Participants were handed a medicine 
ball and were instructed to extend the arms 
while holding the medicine ball at chest 
level, at this point the tape measure was 
adjusted to account for different arm 
lengths (11). Participants were instructed to 
slowly pull the medicine ball to their chest 
and after a brief pause, explosively passed 
the medicine ball forward attempting to 
achieve as much distance as possible for 
each throw. Participants were given ample 
amount of time to familiarize themselves 
with the throwing procedure. After the 
familiarization period, they performed 
three maximal trials attempting to achieve 
maximal distance. Participants were 
provided with 15 seconds of rest in between 
attempts. If the participant’s back came off 
of the back of the chair, then the attempt 
did not count and the participant would be 
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given another attempt following sufficient 
rest time. The mean distance thrown of the 
three attempts were used for statistical 
analysis. 
 
The timed up and go test (TUG) was 
utilized to measure general mobility and 
speed (14, 21). The starting position 
consisted of the participants sitting on a 
chair (chair height=45cm) with upright 
posture, feet placed flat on the ground, and 
arms crossed on their chest (14, 17, 21). 
Next, participants were instructed to rise 
from the chair, walk to, and around a cone 
(three meters) in front of them, walk back to 
the chair, and return to the starting 
position. Time started the moment the 
participant’s back loses contact with the 
chair and concluding when the starting 
position was regained. Participants were 
allowed a familiarization period before 
actual testing began. One recorded 
unassisted test followed a one-minute rest 
period after the practice trial (17, 26).  
 
The sit-to-stand test began with participants 
sitting in a straight-backed chair placed 
against a wall with upright posture, arms 
crossed, and feet flat on the floor. 
Participants were instructed to rise from the 
chair until they reach full height, without 
the use of their arms, and then return to the 
seated position. This action was performed 
as many times as possible for 30 seconds, 
recording the total completed repetitions 
(15, 24). 
 
The medicine ball training program (MBTP) 
consisted of two sessions per week for six 
weeks (19, 33). The intervention group 
completed a three to five-minute dynamic 
warm-up prior to each workout. The MBTP 
consisted of five exercises each performed 
one to three sets of six to eight repetitions at 
the training load of 5% of the individual’s 
body weight, moving the weight as rapidly 
as possible while maintaining good 
technique (24). The MBTP utilized in his 
study is displayed in Table 1. Training 
sessions lasted about one hour for two non-
consecutive days 48-72 hours apart. 
 
 
 
Statistical Analysis 
Data was entered into a computer file 
suitable for statistical analysis using the 
SPSS 22.0 statistical program. Descriptive 
statistical analyses were used to examine 
the mean and standard deviations for the 
whole sample. Differences in mean scores 
were determined by a series of Wilcoxon 
signed rank tests. An effect size test was 
conducted to demonstrate the relative 
magnitude of difference between each 
group. The classifications for the effect size 
were determined using Cohen’s d (0.2 = 
small, 0.5 = medium, 0.8 = large). 
Significance level was set at p<0.05. 
 
RESULTS 
 
There were no significant differences 
between groups for any of the performance 
measures for the pre-test session. 
Collectively, participants completed 100% 
of the assigned training sessions. 
Demographic information for these two 
groups is displayed in Table 2.
Table 1. Power Training Exercises  and Progression
Exercises^ Week 1 Week 2 Week 3 Week 4 Week 5 Week 6
Underhand Squat*# 1x6 1x8 2x6 2x8 3x6 3x8
Lateral MB Throw*# 1x6 1x8 2x6 2x8 3x6 3x8
Shoulder Press*# 1x6 1x8 2x6 2x8 3x6 3x8
Overhead Step and Throw*# 1x6 1x8 2x6 2x8 3x6 3x8
MB Sit Up*# 1x6 1x8 2x6 2x8 3x6 3x8
*Exercises are completed with an intensity of 5% of the individual’s body weight
#Example: 1x6: one set of six repetitions.
^Rest periods are 2 minutes between sets and 3 minutes between exercises.
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Table 2. Population Demographics per group  
  n 
Height 
(in) 
Weight 
(kg) 
Age 
(yrs) 
BMI BF% 
Bone 
Mineral 
Density
* 
Lean Mass 
(kg) 
Fat 
Mass  (kg) 
Control 
Group 
4 64.9+2.88 79.6+6.5 59.8+3.6 28.7+4.3 36.8+9.0 1.1+0.1 46.9+28.55 27.67+16.2 
Intervention 
Group 
6 61.8+2.0 70.3+20.3 59.5+3.6 28.1+10.3 37.7+12.0 1.1+0.1 40.6+49.6 27.98+86.7 
*=Data described as means and standard deviations 
 
No significant changes in anthropometrics, 
BMD, or body composition were found in 
either group at the conclusion of the study 
(Table 3).  
 
Table 3. Pre and Post-test Performance Measures 
per Group  
Groups 
The Up 
& Go 
Sit to 
Stand 
Average 
Distance 
Thrown 
Control Group         
Pre-Test 
6.4+1.6 16.8+8.1 8.3+2.9 
Control Group      
Post-Test 
6.0+1.3 25+9.0 9.9+2.2 
Intervention 
Group Pre-test 
5.9+0.7 18.7+5.2 8.2+1.1 
Intervention 
Group Post-Test 
4.9+0.4* 24+5.2^ 10+1.2* 
*=Statistical significant p<0.05 
^= Trending toward statistical significance p>0.06 
 
However, there were significant differences 
for the intervention group in the TUG test 
(p<0.05) (r=0.659) (Cohen’s d =1.756) 
average distance thrown (p<0.05) (r=-0.606) 
(Cohen’s d=-1.52) and the maximum 
distance thrown (p<0.05) (r=-0.552) 
(Cohen’s d=-1.32) on the SMBT (Table 3). 
While there were no significant changes in 
the Sit to Stand test performance within the 
intervention group, the data did reveal a 
trending toward significance (p= 0.06) (r=-
0.455) (Cohen’s d=-1.02) (Table 4).  
 
 
 
 
 
DISCUSSION 
 
The purpose of this study was to examine 
the effects of a medicine ball exercise 
program on the development of power in a 
middle-aged adult population. To the 
researcher’s knowledge this is the first 
study conducted to examine the effects of 
such a program amongst individuals in this 
population. Significant findings in the TUG, 
and average distance thrown were evident 
even with a low number of participants and 
short study duration.  These findings 
suggest that a six-week MBTP may be an 
effective means of improving upper body 
power and functional abilities in middle-
aged females. 
 
Possibly, the most interesting results of the 
study was the significant improvement in 
the intervention group’s time to complete 
the TUG test compared to the control 
group. Participants in the intervention 
group were able to complete this test 
Table 4. Pre and Post-test Performance Measures per Group 
Groups The Up and Go Sit to StandAverage Distance Thrown
Control Group      
Pre-Test
6.4+1.6 16.8+8.1 8.3+2.9
Control Group      
Post-Test
6.0+1.3 25+9.0 9.9+2.2
Intervention Group 
Pre-test
5.9+.7 18.7+5.2 8.2+1.1
Intervention Group 
Post-Test
4.9+.4* 24+5.2^ 10+1.2*
*=Statistical significant p<.05
^= Trending toward statistical significance p >.06
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significantly faster after performing the six-
week MBTP when compared to the control 
group. These results are consistent with 
research conducted by Pereira et al. (24) 
that found high-speed power training 
improved functional performance and 
power in older women on TUG and the 
SMBT after completing only a six-week 
training program. The improvement, 
observed in the study, may be explained by 
the emphasis on utilizing exercises 
performed in a standing position that 
required participants to balance and 
stabilize their bodies while producing force, 
such as the deadlift and overhead throw 
exercise. Therefore, exercises that require 
an individual to produce, reduce, and 
stabilize force, preferably from a standing 
position, may have a greater transfer of 
training effect to functional activities than 
those performed in a seated position. This 
may be due to the reduced need for 
stability and balance when seated.  
 
While not statistically significant there was 
a trending toward significance in the Sit to 
Stand test performance in the intervention 
group compared to the control group. 
These results are similar to those of 
Henwood and Taaffe (13) who saw an 
increase in the chair rise test after 
completing a high velocity training 
program. In a 16 week study by Fahlman et 
al. (6) the intervention group showed 
significant increases in the sit to stand test 
after completing a resistance band exercise 
program. Results from our study may 
suggest that the MBTP may have had a 
positive influence on lower-body strength 
and power in a shorter time period. This 
could be due to the medicine ball dead lift 
exercise, since this movement involves 
many of the same muscles that allow an 
individual rise from a chair.  
 
Results also indicated that there were 
significant improvements in the average 
distance thrown for the SMBT after 
completing the 6 week training program. 
Participants who completed the training 
program showed a significant 
improvement in the average distance 
thrown from the pre- to post-test (22.9 %) 
when compared to the control group (19.3 
%).  This suggests the medicine ball training 
program had a greater impact on upper 
body power in the intervention group. 
Curiously, while there was a substantial 
non-statistically significant improvement in 
performance of this measure within the 
control group, based on the large standard 
deviations seen in this group it is likely 
these averages were influenced by extreme 
scores. The findings are consistent with 
Pereira et al. (24) who found increased 
upper body power in older adults after a 12 
week medicine ball training program. 
Pereira et al. (24) study included bench 
press and a medicine ball throw exercise, 
their participant’s improvements could be 
explained by a learning effect. Our results 
are also congruent with Faigenbaum and 
Mediate’s (7) study examining fitness 
performance in high school students on a 
medicine ball throw. The training protocol 
in this study utilized a wall chest pass 
suggesting the participants may be subject 
to a learning effect (6). In the present study, 
in the MBTP the medicine ball chest throw 
for distance was not included as an exercise 
in order to ameliorate any improvements in 
performance that could be explained by a 
learning effect. Therefore, this increase in 
performance may be due to the upper-body 
exercises that improved strength in the 
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shoulders and triceps muscles (e.g., 
shoulder press) utilized in this study.  
These results are consistent with other 
studies that utilized longer intervention 
periods (22, 24). 
 
Based on these results it appears that 
middle-aged females can experience 
significant improvements in functional 
abilities after as little as 6 weeks of 
participation in a medicine ball training 
program that includes both resistance and 
power training.  This is significant because 
the training program utilized can be 
performed almost anywhere with minimal 
time, space and equipment requirements. 
The novelty of this study has produced 
similar results to Pereira et al. (24), but in 
half of the time. These findings add to our 
understanding of potentially effective 
training modalities and methods for 
developing power and functional 
performance amongst middle-aged females.  
Medicine balls can be easily used for 
different movement patterns that mimic 
everyday activity and can elicit 
improvements in whole body power. This 
simple piece of equipment is also cost 
effective and could be more available to 
older people than a weight room. Medicine 
balls may be an exercise modality that can 
sufficiently meet the requirements of the 
principle of specificity.  
 
One limitation of the study was there was a 
small sample size. This could have affected 
the level of significance for the sit to stand 
test. In the future, increasing the sample 
size in the study could provide more 
generalizable and significant findings. 
Another limitation was the length of time 
between training sessions. This could have 
affected the body composition results. One 
recommendation for future research should 
focus on increasing the intervention 
protocol to an 8 week duration, this could 
show an increase in training outcomes. 
Another recommendation for future 
research should examine if increasing the 
training sessions to three times a week 
would increase development of lean tissue. 
 
REFERENCES 
 
1. Braechle T, Earle R. Essentials of Strength 
Training and Conditioning: Third Edition. 
Champaign, Ill: Human Kinetics; 2008. 
 
2. Brown, L. Explosive training for seniors. Strength 
Cond J 23(5): 30-31, 2001. 
 
3. Centers for Disease Control and Prevention 
(CDC). Falls Among Older Adults: An Overview. 
Available at: 
http://www.cdc.gov/HomeandRecreationalSafety/
Falls/adultfalls.html. Last updated September 20, 
2013. Accessed December 15, 2013. 
 
4. Centers for Disease Control and Prevention. Why 
strength training?  Available at: 
http://www.cdc.gov/physicalactivity/growingstro
nger/why/index.html. Last updated February 24, 
2011. Accessed December 15, 2013. 
 
5. Caserottie P, Aagaard P, Larsen J, Puggaard L. 
Explosive heavy-resistance training in old and very 
old adults: changes in rapid muscle force, strength 
and power. Scan J Med Sci Sports 18: 773-782, 2008. 
 
6. Fahlman M, McNevin N, Boardley D, Morgan A, 
Topp R. Effects of resistance training on functional 
ability in elderly individuals. Am J Health Promot 
25(4): 237-243, 2011. 
 
7. Faigenbaum A, Mediate P. Effects of medicine 
ball training on fitness performance of high school 
education students. Phys Educator 63(3): 160-167, 
2006. 
 
8. Granacher U, Muehlbauer T, Zahner L, Gollhofer 
A, Kressig R. Comparison of traditional and recent 
approaches in the promotion of balance and strength 
in older adults. Sports Med 41(5): 378-400, 2011. 
POWER TRAINING IN MIDDLE AGED WOMEN 
International Journal of Exercise Science                                                          http://www.intjexersci.com 
334 
 
9. Hakkinen K, Kallinen M, Izquierdo M, Jokelainen 
K, Lassila H, Malkia E, Kraemer WJ, Newton RU, 
Alen M. Changes in agonist-antagonist EMG, 
muscle CSA, and force during strength training in 
middle-aged and older people. J. Appl. Physiol 
84(4): 1341–1349, 1998. 
 
10. Hakkinen K, Kraemer WJ, Newton RU, Alen M. 
Changes in electromyographic activity, muscle fibre 
and force production characteristics during heavy 
resistance/power strength training in middle-aged 
and older men and women. Acta Physiol Scand 171: 
51-62, 2001. 
 
11. Harris C, Wattles A, DeBeliso M, Sevene-Adams 
P, Berning J, Adams K. The seated medicine ball 
throw as a test of upper body power in older adults. 
J Strength Cond Res 25(8): 2344-2348, 2011. 
 
12. Hazell T, Kenno K, Jakobi J. Functional benefit of 
power training for older adults. J Aging Phys Act 
15(3): 349-59, 2007. 
 
13. Henwood TR, Taaffe DR. Short-term resistance 
training and the older adult: the effect of varied 
programs for the enhancement of muscle strength 
and functional performance. Clin Physiol Funct 
Imaging 26(5): 305-13, 2006. 
 
14. Huang S, Hsieh C, Wu R, Tai C, Lin C, Lu W. 
Minimal detectable change of the timed “up & go” 
test and the dynamic gait index in people with 
parkinson disease. Physiother 91(1): 114-121, 2011. 
 
15. Jones CJ, Roberta E, Beam R, Beam WC. A 30-s 
chair-stand test as a measure of lower body strength 
in community-residing older adults. Res Q Exercise 
and Sport 70(2): 113-119, 1999. 
 
16. Kitamura I, Koda M, Otsuka R, Ando F, 
Shimokata H. Six-year longitudinal changes in body 
composition of middle-aged and elderly Japanese: 
age and sex differences in appendicular skeletal 
muscle mass. Geriatr Gerontol Int 14(2): 354-61, 
2014. 
 
17. Kristensen MT, Foss NB, Kehlet H. Factors with 
independent influence on the ‘timed up and go’ test 
in patients with hip fracture. Physiother. Res. Int 
14(1): 30-41, 2009. 
 
18. Liu C, Becker J, Ford S, Heine K, Erin S, Wilson 
A. Effects of upper-extremity progressive resistance 
strength training in older adults: the missing picture. 
Phys Occup Ther Geri 29(4): 255-269, 2011. 
 
19. Loturco I, Ugrinowitsch C, Roschel H, Tricoli V, 
González-badillo JJ. Training at the optimum power 
zone produces similar performance improvements 
to traditional strength training. J Sports Sci Med 
12(1): 109-15, 2013. 
 
20. Marsh A, Miller M, Rejeski W, Hutton S, 
Kritchevsky S. Lower extremity muscle function 
after strength or power training in older adults. J 
Aging Phys Activ. October 17(4): 416-443, 2009. 
 
21. McGough EL, Kelly VE, Logsdon RG, McCurry 
SM, Cochrane BB, Engel JM, Teri L. Associations 
between physical performance and executive 
function in older adults with mild cognitive 
impairment: gait speed and the timed “up & go” 
test. Phys Ther 91(8): 1198-1210, 2011. 
 
22. Orr R, De vos NJ, Singh NA, Ross DA, Stavrinos 
TM, Fiatarone-singh MA. Power training improves 
balance in healthy older adults. J Gerontol A Biol Sci 
Med Sci 61(1): 78-85, 2006. 
 
23. Orr R, Raymond J, Singh M. Efficacy of 
progressive resistance training on balance 
performance in older adults. Sports Med 38(4): 317-
343, 2008. 
 
24. Pereira A, Izquierdo M, Silva AJ, Costa AM, 
González-badillo JJ, Marques MC. Muscle 
performance and functional capacity retention in 
older women after high-speed power training 
cessation. Exp Gerontol 47(8): 620-4, 2012. 
 
25. Petersen TJ. The American academy of health 
and fitness training series: The personal trainer’s 
resource for senior fitness. American Academy of 
Health and Fitness; 2004. 
 
26. Podsialdo D, Richardson S. The timed “up and 
go”: a test of basic functional mobility for frail 
elderly persons. J Am Geri Society 39(2): 142-148, 
1991. 
 
27. Sayers S. High-speed power training: a novel 
approach to resistance training in older men and 
POWER TRAINING IN MIDDLE AGED WOMEN 
International Journal of Exercise Science                                                          http://www.intjexersci.com 
335 
women. a brief review and pilot study. J Strength 
Cond Res 21(2): 518-526, 2007. 
 
28. Seccombe K, Ishii-Kuntz M. Perceptions of 
problems associated with aging: comparisons 
among four older age cohorts. Gerontologist 31(4): 
527-533, 1991. 
 
29. Signorile JF. Bending the Aging Curve: The 
Complete Exercise Guide for Older Adults. 
Champaign, Ill: Human Kinetics; 2011. 
 
30. Signorile J. Power training and aging: a practical 
approach. J Activ Aging: 34-45, 2005. 
 
31. Suetta C, Magnusson SP, Beyer N, Kjaer M. Effect 
of strength training on muscle function in elderly 
hospitalized patients. Scand J Med Sci Sports 17: 
464-472, 2007. 
 
32. Talbot LA, Musiol RJ, Witham EK, Metter EJ. 
Falls in young, middle-aged and older community 
dwelling adults: perceived cause, environmental 
factors and injury. BMC Public Health 5: 86, 2005. 
 
33. Zaras N, Spengos K, Methenitis S, Papadopoulos 
C, Karampatsos G, Georgiadis G, Stasinaki A, Manta 
P, Terzis G. Effects of strength vs. ballistic-power 
training on throwing performance. J Sports Sci Med 
12(1): 130-7, 2013. 
 
